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A comparison of moss-dwelling
invertebrates along an altitudinal gradient
Lauren Afsahi
Department of Biology, Colorado State University
_____________________________________________________________________________

ABSTRACT
Moss abundance and the invertebrates that inhabit moss differ with varying elevations. The purpose of this
study was to determine if there was a significant difference in diversity and morphospecies composition of
moss-dwelling invertebrates between three different elevations on the Pacific slope (1550 m, 1650 m, and
1750 m) along a tropical wet cloud forest. This study also examined if there was a significant difference
between the diversity and morphospecies composition between the Atlantic and the Pacific slopes at an
altitude of 1750 m. Eighty-one samples of one morphospecies of moss were collected from trees in a
tropical wet cloud forest in Monteverde, Costa Rica in order to study the invertebrates that inhabit moss.
The highest elevation (1750 m) had the highest species richness (44), species abundance (284), and the
highest Shannon-Weiner diversity index (H’ = 3.34) which can be explained by increased trade wind
exposure, moisture availability, and moss abundance for the moss-dwelling invertebrates. The abundance
of the order Diptera was significantly higher in all four sites (x2, df = 3, t = 92.25, p < .0001), and this
finding can help explain the similar evenness values for the sites.

RESUMEN
La abundancia del musgo y los invertebrados que viven allí son diferentes a altitudes diferentes. El objeto
de este experimento era determinar si había una diferencia significativa entre la diversidad y la
composición de las especies de invertebrados que viven en el musgo entre tres altitudes diferentes en la
vertiente Pacífica (1550 m, 1650 m, y 1750 m) en un bosque tropical nuboso. Este experimento también
examinó si había una diferencia significativa entre la diversidad y la composición de las especies entre las
vertientes Atlánticas y Pacíficas a una altitud de 1750 m. Ochenta y un muestras fueron colectadas de los
árboles en el bosque tropical nuboso en La Estación Biológica Monteverde, Monteverde, Costa Rica para
estudiar los invertebrados que viven en el musgo. La altitud más alta (1750 m) tenía una riqueza de
especies mayor (44), la abundancia de especies mas alta (284) y el más alto índice de diversidad de
Shannon-Weiner (H' = 3.34). Se puede explicar esto con el aumento de los vientos alisios, el aumento de
la humedad y el aumento del musgo para los invertebrados. El orden Diptera es el más abundante en los
cuatros sitios (x2, gl = 3, t = 92.25, p < 0.0001) y esto puede ayudar a explicar los valores similares de
uniformidad entre sitios.

INTRODUCTION
Invertebrates are strongly affected by abiotic conditions such as elevation, rainfall, and
temperature, and they inhabit many different types of habitats, including mosses
(Stawicki 1997). Many moss-dwelling invertebrates are highly susceptible to desiccation,
and the high abundance of moisture in moss is a favorable condition for the invertebrates
(Allen 1994). The high abundance of moisture is less physiologically stressful on these

invertebrates compared to a more exposed environment (Allen 1994).
Tropical mountain cloud forests have a high abundance of mosses and can vary in
physical parameters along different elevations like temperature and rainfall (Haber 2000).
Variations in abiotic conditions can affect the abundance of moss and the invertebrates that
live in it. Likewise, rainfall also varies between the Atlantic and Pacific slope due to the
interaction between the trade winds and the mountains (Tanaka and Tanaka 1982). The
Atlantic slope receives over twice as much rain as the Pacific slope because the trade winds
and constant cloud cover on the Atlantic side supply continuous moisture to the moss and
the host trees, even during the dry season. The constant moisture can contribute to the
higher abundance of moss and a higher abundance of moss-dwelling invertebrates (Tanaka
and Tanaka 1982, Haber et al. 2000).
Abiotic factors such as temperature and rainfall can lead to differences in moss
abundance. Since moss abundance changes with altitude, one would expect to find a
difference in diversity and morphospecies composition of these invertebrates along different
altitudes. I hypothesize that diversity and morphospecies composition will change as the
elevation changes. I also believe there will be a difference in the measurements between
the Pacific and Atlantic slopes since the abiotic factors differ between these two areas.

MATERIALS AND METHODS
Research was conducted in Monteverde, Puntarenas, Costa Rica from 18 October to 16
November 2001 in the tropical wet forest owned by the Estación Biológica. One
morphospecies of moss was collected from a uniform substrate (living trees) using an eightinch diameter tuna can. Twenty samples were collected between the hours of 10 AM to 12
PM from 1550 m and 1650 m altitudes on the Pacific slope and 1750 m on the Atlantic slope
of the Cerro Amigos of the Tilarán mountain range. Twenty-one samples were collected
during the same time of day from 1750 m also along the Pacific slope of the Cerros Amigos
area. In total, 81 samples were collected.
Moss samples were then placed in an uncovered plastic cup with a hole in the
bottom and dried for three days using six 60-W light bulbs suspended over them. The cups
were placed over a vial of alcohol and as the moss dried out; the invertebrates migrated to
the center of the moister moss and eventually fell through the hole and into the alcohol for
preservation. A dissecting microscope (10X, Olympus SZ-ST) was used to identify the
invertebrates to order. A library of the morphospecies of the invertebrates was made in order
to determine the species richness (S), species composition, and species abundance (N) in
each moss sample.
Data Analysis

In order to determine if there was a significant difference in diversity between the sites, a
few statistical tests were used. First, the data were analyzed using Simpson's diversity
index to determine the diversity per sample for each site. Next, a One-way ANOVA test
was calculated to determine if the difference in diversity between the sites was significant.
Finally, a Fisher's post hoc test for the Simpson's diversity index was calculated for the
four sites to determine which the sites significantly differed in diversity when compared two
at a time. To further examine the significant difference in the diversity between the sites,

the Shannon-Weiner diversity index was calculated.
To study the species similarity between sites, Sorenson's similarity coefficient was
calculated between two sites at a time to describe the number of species shared between two
sites (Krebs 1989). Evenness was also calculated between the sites.
The abundance of the order Diptera was high in every site. A Chi-squared test was
performed on order Diptera to determine if its high abundance was significant between the
four sites (Ambrose and Ambrose 1995).

RESULTS
i

A total of 81 samples were collected and analyzed from the four elevations. The total
species richness was 70. The total number of individuals was 642. The 1750 m Pacific site
had the highest species richness and species abundance values (Figure 1). The species-area
curves show that almost every species was collected, except at the 1750 m site (Figure 2).
The evenness values for the four sites were similar (0.53).
The Sorenson's similarity coefficient showed that the Pacific 1550 m and 1650 m
sites shared the highest number of species (Table l)(Krebs 1989). The Shannon-Weiner
diversity index displays the Pacific 1750 m site with the highest diversity (Table 2) (Zar
1984). The One-Way ANOVA test compared the Simpson's diversity index per sample
between the four elevations and showed the Pacific 1750 m site with the highest diversity (p
< 0.0001) (Figure 3). In addition, a Fisher's post hoc test on Simpson's diversity index
shows that there was a significant difference in diversity between the other sites when they
were compared to the Pacific 1750 m site (p < 0.0001) (Table 1).
The Atlantic site also had a high Shannon-Weiner diversity index and a high
Simpson Diversity index but it was not significant (Table 2 and Figure 3).
The following orders were present in the moss samples from relative high
abundance to low abundance: Diptera, Hymenoptera, Hemiptera, Arachnida, Acari,
Lepidoptera, Coleoptera, and class Gastropoda (Figure 4).
A Chi-squared test was performed in order to determine if the high abundance of
order Diptera was significant between the sites, and found that the high abundance of the
order Diptera was significant between the four sites (t = 92.25, df = 3, p < 0.0001)(Krebs
1989).

DISCUSSION
Moss communities harbor many invertebrates, and there are many reasons why
invertebrates live in moss. The high abundance of moisture in moss provides protection
from desiccation. Invertebrates are also protected from predators in the moss (Conrachen
1999).
The species shared between sites was also measured and can be understood by using
the Sorenson's coefficient of similarity. The Sorenson's coefficient of similarity showed
that the Pacific 1550 m and 1650 m sites had the highest similarity in species (Table 1). In
addition, the Shannon-Weiner diversity indices are similar between these two sites (Table
2). This trend is possibly due to the proximity of the two sites. The close proximity could
mean that they have similar habitat and abiotic conditions. If two habitats are similar in the
abiotic conditions and in the types of resources they supply for their inhabitants, it's likely

that the two sites will have a similar morphospecies composition (Magurran 1988). The
evenness value also relates to the similar species composition of the 1550 m and 1650 m
sites.
This study also shows that a significant difference in diversity and morphospecies
composition exists along the altitudinal gradient of the tropical wet cloud forest studied.
High species richness and species abundance was found at the Pacific 1750 m sites, which
can contribute to a high Shannon-Weiner diversity (Magurran 1988). One possible
explanation of a high diversity at the highest elevation (1750 m) can be attributed to
increasing precipitation with increasing altitude in the cloud forest studied (Haber 2000).
The increase in precipitation may contribute to a higher species richness and species
abundance for several reasons. First, an abundance of moisture may allow more mossdwelling species to survive because it creates a less physiologically stressful environment
(Stawicki 1997). Many of the invertebrates that inhabit moss are susceptible to desiccation;
therefore, a constant supply of moisture would allow more moss-dwelling invertebrates to
flourish (Allen 1994). The increase in moisture can also help explain the high diversity on
the Atlantic slope compared to the Pacific slope.
The Shannon-Weiner diversity index showed a high diversity value for the
invertebrates on the Atlantic slope. The Atlantic slope receives twice as much rainfall as the
Pacific slope and the extra moisture may increase moss abundance (Conrachen 1999).
Higher moss abundance can contribute to a higher abundance of invertebrates because more
resources are available, like food (Tanaka and Tanaka 1982). Another reason explaining
the high diversity at the highest elevation is the presence of the trade winds.
Trade wind exposure increases with increasing elevation during the dry season in the
tropical cloud forest studied (Tanaka and Tanaka 1982). One possibility as to why moss
abundance increases with increasing trade wind exposure at increasing altitudes is due to the
increase in frequency of cloud cover around the moss's habitat (Tanaka and Tanaka 1982).
Increased moss can lead to a higher diversity of the moss-dwelling invertebrates since there
is a higher availability of moss habitat and food resources available.
The Simpson's diversity test showed the Pacific 1750 m site with the highest
diversity per sample (Figure 3). There was also a significant difference in diversity between
the three other sites and the 1750 m Pacific site as shown by the One-Way ANOVA test
(Table 1). A post hoc test was run on the Simpson's Diversity Index to see where the
differences in diversity were (Zar 1984). This finding of high invertebrate diversity at the
highest elevation can also be explained by the increase in moss habitat and resources, like
food. Greater accessibility of resources supplied by the moss to the invertebrates can lead to
more species being able to coexist in the same habitat (Magurran 1988).
The evenness values are constant over all the sites (0.53), indicating that
communities are changing by the same magnitude in terms of species richness and species
abundance. This trend can be supported by the high abundance of the order Diptera
throughout the sites (Figure 4). Since the order Diptera has a high significant abundance in
all sites, it can cause the evenness value to remain similar in magnitude between the sites
because the high abundance of one morphospecies can cause the sites to have a similar
change in species turnover. Thus, the sites may have a similar evenness value because the
same species are migrating from one like habitat to another (Magurran 1988). The high
abundance of order Diptera at higher altitudes may also be explained by a lower predation
risk at higher elevations (Janzen 1973).
A study by Janzen (1973) studied changes in arthropods along latitudinal transects in

a tropical forest in Venezuela and found that Dipterans were also the highest represented
order in all the latitudinal transects. This finding was attributed to adult and larvae Diptera
being defenseless; therefore, they will flourish in a community with less predation. Also,
most Dipterans rely on detritus for nutrition instead of living matter like most other
invertebrates that inhabit moss. When there is a change in the climate that affects the
availability of live organic matter, the Dipteran population may not suffer as severely as
other populations that depend more heavily on this type of food, like Coleopterans (Janzen
1973). Coleopterans depend more on living matter for food, and if there was a change in the
food available, Coleopterans may suffer a loss in abundance (Janzen 1973, Conrachen
1999).
Another study by Conrachen (1999) on the diversity of arthropods in moss found that
Dipterans were also highly represented at different elevations. Since Dipterans are one of
the largest orders, it makes sense that they would have high abundance and species richness
in the moss (Borror et al. 1989).
The order Coleoptera is highly abundant in the environment (Hogue 1993).
Coleopterans were not, however, abundant at any site in this study. One reason to explain
their absence is the weather patterns during the data collection. There was a high increase in
wind and mist, and it's possible that Coleopterans were seeking shelter deeper inside the tree
bark.
The order Hymenoptera was also abundant in the sites, especially at the Pacific 1650
m site. A possible explanation to the high abundance of Hymenopterans is due to the caste
system. Many Hymenoptera live in social castes with other conspecifics so when one
encounters one member of the Hymenoptera family, he/she's likely to encounter many
other conspecifics.
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Figure 4. Total number of individuals represented by each group at the Pacific 1550 m site,
Pacific 1650 m site, Pacific 1750 m site, and Atlantic 1750 m site in the tropical cloud forest in
Monteverde, Puntarenas, Costa Rica.

